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INTROD[:CTIO:{

As Lhe number of nucleotides being sequent”ed has increascct. so has t hr

number of journal pages devoted to displayin~, sequences. This situa: inn h;ls

reached tilepoint whcr(’ many Journals are reducin~ or eliminatill~, pa~,fls

clt-~’erect to displayin~ sequer,ce dnta, which raisrs the question of wtliILthr

dirf~cL sources of’sequpnce chta (and quality collLrol of svquuncc datil) arc’ now

:,rid will t)rin th~’future.

Although data in the GenBank nucli?otide sequ{’nce diitiil)ils{” (Burks [’t iii.,

19H5) hilv{~ been draw prlmnrily from articles in refereed journals, the

dntnl~nse orcnsionallv includes data from other sources, includin~ unpublished

the data b~nli by the group cletermintnfi thr

perception that the literature hns been (and w1ll

with sequenc~ dnta, W[J have sought to quantify

111Ltw CienB.!!nk clnLahilse. (NoL{! t}~iit CenB/lilk h~~
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m(ijc)ri~~ of seqtIe IIci, clata up to no”:, Finally, we elaborate on t}}[.nc)tion of

“unpl,t;lished” dat:~ Ki Ll) l“t-spree to Lhi’ data bar)ks’ all.ili:y to Sllt)jcct

Stll)!l!itLt,ddiit a to l- OLIL il!e qllali[ycontrol checks,

O’:EfL\LI. SC)[:RCES OF D::T!,

Tht JOL~FH:;,I.litlrtvpt, of Release 49.0 (April, 1987) of CIli,GcllRank

daLabasc (BLIrks ct al., 19t35)was scanned to determine the total I)[imb~~ end

source of cita: ions illLhf,claLa~Iasr. The initial scan resulted in :l!][~ut14~+30

citations bi’ing foul]cl.Of course, many of these represent cfuplicatc ciLot ions

(i,c,, a single papir repo!Lin~, more than one sequence and therrforc being

cited more than o1]c1,illtiledatabase); after removing tl~ese,ancla sm:l11 numl~f,r

0[ citatio[ls CO articl : i~ipress, about 8205 unique ~itations remall~c,c!. ( The

scannin~ ,7nd elimination “al~)orithms” used were not exact , so LIILInllmt]ers

described here have I)(’C:1 roundecl off to the nrarest multiple of 5, iIII[i rn{iy hc

inaccurate by +/- 5-10 citiltiorls.)

‘1’l)ttcllstril)u~]ollof’L]IUSC{irticlt’samonp,Ph.D. tlI(IstIs, {Ii”ti[’]rs III l)OOKS,

art icle.sIrljOl II” Ii LIl S, and ullput)!1shrd so~lrcrs 1.s})r(’!icrII(I(l III TiIIIl(I I . As is

Cl[’ill_l,y S(’P1) Ill Till)l(’ I, tll(’oi’t’l-wtlt’llnlrl~,l~;l.)O:-lt V 0! ttll’ (1;1!:1Illt~li’~liltilllilSr’

!]ascrmNI from nrLlclos I)IIl}llslItIIlIIIrcfi’rr(’(!,Iour[};lls,011 111(,O:l}(,r1)/111(!,ii

:+i~,llIfl(.ullt r)lunl)(’r (): s(lqll(lrl(’(lsa1“(.r 1t(1(1 10 Ulllllltll Istl(’(1 !iotll”(”(,’; , ‘rhp$(l

Ulllml}l IStl(’[1 diltil (11-(’, (1})011 (’xanl[llal [011 () f“ t.llo I 11(1I \’ I (1’.1:1I (;rlll{illlk {,lllllr!i

lrlv~)lvc(l,mt)s({)ltcll1[Ilku(lt~)rrln(cd ~J(llJl[st]cddnt{l, tIlo(ly,hf.1)1~I!))(’of !1)11”

Vllrl(i:;rollsfdor;ll)ly(s0(1tllor)l!;(”u!isl(lll1)( ’low) ,
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DISTRIRUTIC)~~OF DATA A’ffJ?:~; JOL’R;:ALS

How malls,’jo~::-n~lshav~ rr’porLed sequ[.nce daKa, and is ttlt’c]istuihutiox)

arr.ollr,L}ltsc journ:l]s reli~ti~’r.l.veven? II, Lhe scan descri!),d al)nsrt, 7;7

differrn: jo~lrn;llswere cited, (Though tlIiA total numhcr of journals ttla:1).-i~’t,

P“.’(L’illL’lu(!t,cliirc;~oltof’a s~’c~urnceis pl-esumab]ymuctl li+r~,{r,it is Ui)]iki’]’;

:Il:lta!lv “‘~l~[;l~joLlrrialrl~)talready cited in GcllBankhas L-eportcd si~;!:ificilnL

llilllll)c’rs of Sequc’:lct’s“.:~~ ttlc past fi.,,~,years .) All journals Lllathart’

ptlblished artirlfs cc)rresponc!ingto more tl~i+r~ 100 unique’ citatic)lls ill ttlc’

diitilbdS(’ are presented i:)Tiible 11, The distribution of’sequence (l~ltii amnn~,

tllest’joLlrnals is qllitr skewed (see Table 11) , with about })alf Lhc’cl,~tacomin~

[rem OIIIV follrjourrlals.

rJotr thnr t}lerelnt-iv~percentages attrlbuced to any single journal are

likely LO fluctuntp from release to release of CenBank, cltTp(’nriil\F,not onlv on

GertBar,k’sOW1ldircfctdata entry but also on whether or no: and how mucliof t]lr

rnosr rcccl~t l(l~it:+(ls from the EMB1.Di\t~ Library (.lnmm& Ciimerol~, 19H()\ Il(lv(’

i)(lcllil)c.t)l-llol-;ltc(l.

‘1”}11;spi;cntm OIJ [!NIIUI+l, ISIII;l) DATA

At Itl(i }1(1;11”[ [1 I t Ilr! qllostf(m of Wtl[!:llcr01”11[1[t“llo(Ia(:l1).’lllksSllotll(l

111(’,“rl(l(lilt :1 f 1-(11:1 UIIINII)I Isllo(l !’.llll’(’ [’s IS [1)(’ llS~illllllltlOll tllilt tll(’l-f’ l!i :1 Vfl!:l

(11 f f(’l”(lrl(’(’ l)llt W(’[hll II(II)IISII[’CIilll(l 11111)111)liStl(’(1 [Illf ii, ‘rti(lll}:tlttlisilsslllllllt1011 is

Illpflrt justified, 1[ should ho po{ntrd 0111 t Ilnt I he l:lIstlllctJrllls 1)(’tw’oll

ttlf’s(’ tWI) s(}lll”l’(~!;(1f (lilt{1 IIt-r qomowtliit blurrrd Ill (-llrl”(’llfpI”{l(’[Ice;

f’llrttlcrlllor(”, lllcr(~{11.vdlffrrol]t tv~)rs -- Wllll tcsprct t() Illnt’11:11)11Ity r()

qtutlIty cent rol clwcks -- Og UIIPU1)I lshctt diitil.
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KrJrc first tllil[ thcrr are at least two viewpints from wll[chCJIIC,Ciin

jud~,i,Lhe rcl=rivc n’crits of published and unpubl isllcddatn : cI)(’sCJciOl(l~.iciil

vlcwpoint (C.g., Kill a r~ sum;’ wi tlI a lisL of citn:inlls to otho~xisi’

unpuhlishcd diitil bank t’rltrieshe as impressil’ras one ci[in[’,Fu?)lishcd jourllnl

articlrs?j tallflChf, scient.i!lc viewpoinL (fI.g.,Kill UIIPL1ll]!SII(JCIdii:aillt!ic

data ba~lks br as relinhle as pLl]JliShCd da:a?). ThoucII these LWL) l’iuwprtinrs

are interrelated, we will restrict our discussion of puhlisllcrlald unpuhlis]led

data to tl]rscicntitic viewpoint.

Our first point is that the distil~ctiorl,based on conc(,rllsiillout quality

control , brrween pul)lished and unpublished data is not alwuys clear-cut. it

has for some time”been L1lPc.asc that sequencing RCIS are IILJC av.vilal)lr to a

rllferec reviftwill~ il pn]’lcl - reporting new s~qui*rice d~tii, 111ilddititJn,m(ist

sequencrs heinc reported are unavailable to LIIQ rrforer in other cllnnhardcopy

form (V.g., ii COpV Of’ the figure that presents the sequence), iil)(l are thus not

iinwliiil)l.c to mnrl~ of Lhe computer- based rourine checks for interl.nl (consistency

t.tlil [ (111(’ imrln:l] l.~ npplirs to a sequence (C.g., DOCSI it col~tain nonscnsr

says it is? Are intrrniil stop COCIOIIS

ag rrRinns7). T}IIISI , puhlishc”l srquenros

arc’ often nnt rrvirw(’d nr,lrl y {1s

s(lflll(tlll”(~ (Wllortlor Sllllnll’

() 1- Plll (’1’(1[1 Il,y Ill{’ [lJlt II

lo 1’V(’I’V !lV(!ll(lll(”p I tlc v

(1(’[.;lslnll!’l

I)(*;II.IItl

111”1 1(’1(1.
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our second point is that there are several types of UnpU}J~iSh~d daLa (and

tl]c fact t.llatthere are several types should bc recognized when eval(latinF,EIIC

appt-opriaLenes5 of entrring unpv.blished data into the databases) . Consider

tileiour following categoric:s:

DaL:iunrelated to pre~’iously published 01:unpublished datn in the (;(,n~,ank—.—— .—-_ _ —. — — — —. —.——..

and relat~cl c!atahases. Though L~lere are many— —. — — quality control checks of

in~ernal consistency that these data can be subjected to, ttlt’reis iittle that

can })e dnne to check their links to previously determiflcd sequences. Xotc’

that there are very few (if any) unpublished data of this type in t}~e current

CenFlank database,

D:ita related to pre~’iousl~-~lished or unpul)lished dnta ~s(’Ilt illrl)v—— —...— —..— -—— -— — — —... ___

Ciat,-lbasc.Tl~ere are many examples of this t:~peof data in CcnBarlk;—.—— ... tII(!mos 1

frequent are unpul,lished revisions (Ly the same group of experimontalistsi) of

older, published data, In addition to internal consistency checks, one can

corr,pare the results of alignirlg the two se~s of overlapping inform:ltion wi:h

wh:lt the contributors of the unpublished d,~~ii have claimed; annotation (C,[,,,

tile Ilam(l of tt,rorgariism, the name of the p:-oductsl ctc,) callalso I)eunified

wlt.h respect Lo the standard VOCiltlUILI~i~S in Lhc rest of tiled;l~ahjaz;c.

l)ilt{i clcscril)(jclIn hut.not c~plicit.lv prcscl]tc(lin n p~llliyl!(:~larticltt—... .. ..- —. —. -..



-1-

double -cl,~ckt,d anclre~’ised in response to questions and objections rhat arise

duri,l~,the rc..’iewprocess.

Data cl(,scribedin but onlv—— partiallv @icitly ~enred in a pQblislled—..— — _. .— — .—

article. T}lcre are also many examples in the GenBank database where.— authors,

Wllcll submitting sequence da~a that appeared in a published article, include

more data than was actually published. For example,

(1!.’84)published a sequence for rhe human opsin gene;

in the original paper contained about 3000 nucleotides

Nathans and Hogness

the sequence presented

corresponding to the

gene’s five exons, 5’ flank, and 3’ flank. When the authors submitted the

sequence to Geni3ank, they included an additional 4000 nucleotides

corrcspondinF, to the gene’s four introns. As with the unpublished data

cli’scribeciin th,!previous paragraph, the quality of this type of unpublished

data most likely benefits from the link to a published report. On~ might

assume that there is ar additional benefit arising from the fact that pert of

the sequence data actually appeared in the pap(.r and was thus directly

available. to the reviewers; irlsightsinto impr6ving the published sc?quence

data wauld be expecced to have migrated into the unpublished (but contigLlous)

data as WII1l.

I)1SCUSS1ON

n)()~l~,llIt 1S C] (*ill_ ttla( thus C{lr t11[’(;cnl}allkdat~lbil~rhas rr’liccl

pI-(IClfIIIIIII:IIItl~Fon nrtlcl~s pLlhlisheci Irl rcf(’reedjournn].s for tho sr)urc(’01

11111. !(I()! i(lt’s[’Iluoll(”odn[a , ttlcrcnre n Signl Fl(!ilntnumhcr of citiil lorls of

Ullplt)l 1%1)(’CI Sollrr(,s in tllc d~ttnhtis~’(note th:l[.If ono limlts n s~iircill fo]”

L-I 1:1( IOIIK tcl d;Iln nppeflrinp,iIIrhc I{IsIyv.lror two, t11[1 r~lnl:lvr iimf)url I of

UI1])(IIII Ist)rrl rlll(.l[lc)f [dP ::P(lUCIKh(~ dut{I Jn [lIC(;rtlHnrlkd{l~ill),lxt’Is eV~IIIp,I-entVI-).

TIII~f~w ,IOUI-IIHIS thnt huvc rnrrlcd (ho mil=]orl[y of lh(’ dJltLl arr becomlnp,

Illrl”vnsllly,lyI’tllllr’rnntnhou[ prnvldinp, this r(~l~, Tlmugtl this r~lurt~lnrr lvlll
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in parl hfivcLhe effect of forcing sequence data into otllcr jollrnals. it

appears more likely that much of the data will appear prim:~rily in the

nucleoricle sequence data banks. The most important question to address in

anticipating -- and perhaps facilitating -- this transition is how one can

maintairl high standards of qualitv in sequence data that ha~’e not been

sul,j,cted to journal mediated peer review. In fact, the data banks are

already ap~llying quality control checks within a limited number of contests

that are probably not being app]ied during journal-mediated review: it is

incumbent on the data banks to continue to foster and develop links with

molecular biology corrununity that will allow the additional benefits of the

type of r!\-iewusually associated with a published article to become available

to database erltries.
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TABLES

Table I: Sources of Data in GenBank.— . —— .

----- ----- ----- ----- ----- ----- ----- . . . . . ---

Source Number of Unique Citations
------------ -----------------.-------------

Ph.D. Thesis 5

Book 15

Unpublished Sourcel z265

Journal Article 7920
----

Total ?8205

. ..-. ----- . . . . . ----- ----- ----- ----- . . . . . ---

lThe number given for unpublished citations
is prcbably a slight underestimate
because the method -- elimination of

pattern-identical citations -- used to trim
duplicates most likely removed citations that,
though unique, were not distinguishable from
other unpublished citations,
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Tab]c II: Distribution of Data Among Cited JourIlals..—— — . . —

---- ---- ---- ---- ---- ---- ---- ---- ---- -... ---- ---- ---- ---- ----- ----- ---- .

Number of Citations RullningTotal
.fournall (pei-centageof total) Percentage
----------------------------------------.........----------------------

Proc. Nat. Acad. Sci. USA 16.7 % 16.7 %
Nucl. Acids Res. 15.0 31.7
J. Biol. Chem. lU.5 /,2,2

Cell 9.5 51.7

Nature 5,9 57.4
Gene 5.4 62,8
J. Virol. 4.8 67.6
Mol..Cell. Biol. 4.1 71.7
J. Mol. Biol. 3.6 75.5

EMBO J,
J. Bacteriol.
Science
Virology
FEBS Lett.
McI1.G,n. Genet,
Eur. J. Biochem.
Biochemistry-USA
Biochem. Biophys. Re.s.

3.4
3.1
2.3
2.2
1,6
1.6
1.5
1.4

Commun. 1.4

78.9
02.0
84,3
86.5
88.1
8!3,7
91.2
92.6
94.0

-..-.. ------ ------ ----- ------ ------ . . . . . . ------ ------ . . . . . . ------ . . . . .

lThe 18 journals cited at least 100 times in the GenBank database
(determined as describe,i T e three groupings of journals

‘“ ‘h~h~elS~”9LtR percentiles.roughly demarcate the 50t , 75


